T HE LOCATION of evoked potentials to sounds of narrow bandwidth have been extensively studied for the middle ectosylvian (MI%) auditory cortex of the anesthetized dog. As a result, a map has evolved giving a systematic relation between frequency and position in the MES area (1-4). Also, to some extent the map gives the relation between intensity level and position for signals in the ipsilateral ear but no such relation was found for the contralateral ear (5) . Although temporal properties of evoked potentials have been recognized, their study has been deferred because of the complicated dependence on spatial characteristics of the evoked potential and on the spectral and temporal properties of the sound. Several investigations (6) (7) (8) have supplied temporal data due to clicks, primarily for the cat. Very little work has been done with the p pulse as a stimulus, which has distinct advantages over the click, because its spectrum is narrow and clearly defined. The present investigation was undertaken to determine the density functions, means, and No experiments were conducted to evaluate the effect of anesthetic level.
The sound stimuli consisted of signals called probability (p) pulses which were generated by delivering a rectangular pulse into a half octave filter. This produced a train of sinusoidal waves with an envelope approximating the normal or probability curve. Oscillograms of several p pulses are shown in figure 4 . The p pulses were approximately five cycles in duration irrespective of the mid-frequencies and were identified by the mid-frequency which had the highest amplitude in the spectrum. Spectral analysis showed that the signal was one-half octave wide at a point 3 db down from the highest amplitude and approximately I$$ octaves wide, 40 db down. This type of signal is similar to the 'elementary signal' proposed by Gabor (9) for communication analysis. The sounds were presented to either ear of the animal by means of two PDR-IO earphones which were connected to the ears with a To-mm tube of polyethylene fitted to a speculum sutured to the external ear canal. A yarn running through the tube served to dampen resonant frequencies.
Each The auditory areas were exposed under anesthesia and the tissue around the surgical exposure was protected with cotton soaked in Locke's solution. The surface potentials were picked up by a special 5o-electrode array. The array was composed of stainless steel wires with each one terminating in a o.2-mm stainless steel ball which rested on the surface of the cortex. Each ball electrode was separated from its neighboring electrodes by 2 mm and arranged in 5 rows and IO columns. The electrode array was designed to hold the stainless steel balls against the surface of the cortex under spring tension. To obtain the positions of the electrodes, the array and the cortex were photographed.
The indifferent or common electrode consisted of a stainless steel wire imbedded in the moist cotton along the mid-line of the skull. The electrodes were connected through preamplifiers to a 50 channel cathode ray oscilloscope with a common sweep generator.
The noise levels of the amplifiers and the oscilloscopes were approximately 5-1 o pv. The band pass of the preamplifiers was set at 0.008-0.250 kc. The bank of 50 cathode ray tubes was photographed on a single frame of aerial film with a K-25 aircraft camera or on five rolls of I6-mm film with a special camera. The time in milliseconds and the amplitude in microvolts were measured from each oscillogram at the points of interest and the data were automatically punched into IBM cards. The precision of the time and amplitude measurements was 1-2 msec. and 1-2 hv, respectively. A schema of the experimental setup is shown in figure I . The responses analyzed in this paper were due to p pulses which were [5] [6] [7] [8] [9] [10] db above the intensity level where no responses were detectable by visual inspection of the oscilloscopes. Other than this, no threshold is defined for the present experiments, since the definition of a threshold would involve spatial and temporal aspects of the mean poten tial, as well as the standard deviation during its time course. This matter will be considered in a subsequent paper. figure 2 . Although the general shape of the evoked potential is obvious, variation in amplitude is marked. Histograms were constructed from the amplitude values at each epoch from the onset time of the p pulse to the end of the negative deflection . . Curves fitted to th .ese his tograms can be considered as empirical probability density functions of the amplitude of the response and spontaneous electrical activity at the particular epochs after the stimulus onset. The term response in this paper will be used in the general neurophysiological sense of the evoked potential in the presence fitted to the of spontaneous activity. histograms.
Chi-square
Normal curves were tests indicated that curves not significantly different from normal occurred prior to the posi .tive deflection and in part of the negative deflection.
The histograms during the time co urse and results of chi-square tests are shown in figure 3 negativity was not found in these experiments. Toward the caudal end of the MES area waveforms having longer latent periods to the initial deflection, and prolongation of the positive and negative components were commonly observed for threshold stimulation (see fig. 4C and 0).
These changes in waveform were due to the differences in the duration of the p pulse and consequently upon the stimulation time in the cochlea. Figure 4 illustrates these differences in latent period, amplitude and duration of the response in different cortical regions for threshold stimulation.
The latencies have been indicated in the figure by onset, + and -as closely as can be determined.
Prior to the onsets, in several of the curves, there was a slowly rising positive component which can probably be attributed to subcortical elements. The standard deviations of the amplitude at the onset of the p pulse represented that of the spontaneous electrical activity. These remained at a constant value to the initial positive deflection of the mean. From this epoch the standard deviations increased, attaining a maximum during the peak positive component.
It subsequently diminished to a minimum at the zero axis-crossing in some cases and then increased to a second maximum at the epoch of the maximum negative potential. These changes in standard deviation during the response are shown in figure 4B , C and D. In other cases, a maximum was attained during the positive potential and then declined to the former level at the end of the negative component. The correlation coefficients between the amplitudes at the two epochs, peak positive and peak negative, were computed for several responses. For the experiment illustrated in figure 3 , the values obtained were 0.12 and -0.06 at intensity levels of 35 db and 43 db, respectively. Similar values were found in several other experiments. Both of the above correlation coefficients were between -0.23 and +0.23 and hence could not be considered different from zero at a I % level of significance.
In contrast, the correlation coefficients between observations taken at the positive peaks of the evoked potential from adjacent points on the cortex 2 mm apart was 0.44 or greater. Similarly, the correlation coefficient between negative peaks was o. 763.
Spatial property of responses to p pulses. The means of the amplitude were taken at a fixed epoch after the onset of the p pulse for all electrodes on the surface of the MES area. The data were plotted on isometric paper to display the spatial distribution of potential at each particular epoch. In the example of figure 5 , the results for two p pulses (delivered together) having mid-frequencies of 8.0 and 0.5 kc near threshold are shown. The plotted data were taken at r g, 27, 35 and 45 msec. after the beginning of the p pulse. At I g msec., a marked positive peak appeared at electrode 16 due to the p pulse of 8.0 kc, while no response occurred at electrode 23. At 27 msec., a positive peak has developed at electrode 23 and a weak negative one has appeared at electrode 16 vanish. By 45 msec., negativity at electrode I 6 was reduced and a strong one was present at electrode 23.
The maximum potential at each of the epochs was observed at a single or at most two electrodes in this experiment, but the potential showed a spatial decrement at adjacent electrodes. The decrement generally became negligible in about one or two electrodes or in a distance of 2-4 mm. In other experiments, maxima were found at two or more adjacent electrodes in the dorso-ventral direction presenting a strip like response. The standard deviations of amplitude at fixed epochs after the onset were similarly plotted on isometric paper to obtain the spatial distribution.
The maxima occurred at the positive and negative peak epochs of the potential at the electrode showing the maximum positive potential. Spatially the standard deviation showed a decrement similar but less prominent than that of the means. One example at 19 msec. (positive peak) is presented in figure  5E , where the maximum is located at electrode r6. The shortest delays from stimulus to the onset, peak positive and peak negative were observed throughout the center of the response focus. In this region the amplitudes were greatest. Toward the periphery where amplitudes were small, the onset, peak positive and negative delays were greater and measurement of the delays was more difficult because of lower amplitudes.
Examples of such delays are illustrated in figure 6 for a 4.o-kc pulse near threshold.
DISCUSSION
Although the surface potential may be a very simple or unsophisticated indicator of the activity occurring in cells of the auditory cortex, it nevertheless can be identified by its spatial characteristics with the properties of the p pulse, namely spectrum and intensity, sufficiently well to permit its use as a sign of information in auditory signals. Thus a statistical analysis of the properties of the surface potential due to p pulses should lead to a fairly comprehensive formulation of communication in the auditory cortex. The value of using the p pulse to evoke responses in the auditory cortex is that it provides only one datum of information in the sense of Gabor (9). Gabor described a waveform called the 'elementary signal' having a constant area in the frequency-time domain but with a variable aspect ratio. This elementary signal called the 'logon' can be considered to contain one bit of information in the sense of a choice of one of two possible alternatives. The p pulse as used experimentally is similar to the 'elementary signal' since it has a fixed frequency bandwidth and a fixed duration. The duration of the p pulse cannot be altered without changing its bandwidth and vice versa. The evoked potential due to a p pulse may be said to represent spectrum and intensity level of a particular p pulse since the location of the evoked potential in the MES area is dependent upon the spectrum and the magnitude in general upon the intensity level. We may therefore define an 'elementary response' as the evoked potentials for a threshold p pulse. This elementary response would represent the smallest information-bearing element of the auditory cortex. Obviously the response involves a large segment of cortex and numerous nerve cells, but the individual nerve cells need obtain no further information from the auditory signal than that represented by the elementary response as a whole. For this reason, the statistics of the elementary response appear to be important for the study of the communication aspects of the auditory cortex. The amplitude of the evoked potential at a fixed epoch after the onset for repeated p pulses separated sufficiently in time so that the electrical activity is statistically independent is a chance variable which has a certain density function, expected value and variance. By measuring amplitudes at a series of such epochs during the course of repeated responses to p pulses at a given electrode, one obtains data concerning several chance variables. The selection of the time interval of about 3 msec. between the epochs was based on the upper limit of 0.25 kc for the band pass filter of the recording system. The interval yielded all the data necessary to reproduce the complete waveform, and at the same time would give the upper limit for information in such waveforms. By plotting the epochs of the onset, peak positive and negative on a map of the cortex, delays of considerable magnitude were evident at the periphery of the response but not at its center. The delays were fairly symmetrical about the focus. However, the onset showed the least variation, suggesting that the delay may be due to afferent pathways rather than cortical circuits.
Propagation must be considered with caution in the MES area since it can be simulated by the choice of spectra in the sound. In figure gA and B, p pulses at threshold with mid-frequencies of 8.0 and 0.5 kc produced two positive peaks at different loci, but with one peak occurring at 1 g msec. and the other at 27 msec. Without knowledge of the signal, one could conclude from the example that there was conduction because of the time difference between the two peaks. Mickle and Ades (6) using strong clicks presented evidence for spread of response in the cat cortex. A click having a spectrum with a weak component in the low frequency end and a strong component in the high frequency end could produce a gradual difference of time spatially over the auditory cortex similar to the example above. The simultaneously presented p pulses of 8.0 and 0.5 kc sounded like a click.
Lilly and Cherry (7) cortex. There is much evidence (1-5, I 3) for the representation of spectra by the spatial display of potential in the MES area. From the communication standpoint such a display is essential for retention of information in the spectral aspects of sound. Any spreading process could annihilate the effectiveness of such a display and thus destroy information.
As it is, a one-to-one representation for auditory signals from being realized and patterns in the MES area is far (4) . The plots of spatial distribution of the average potential at various epochs confirmed observations obtained by visual inspection.
The areas of response were either circular or strip-like in character as described previously (2, 3, 5) . Two-millimeter steps were taken for observation since it has been repeatedly observed that finer intervals do not give much additional data. In the anterior-posterior direction of the area, the potential from a given electrode decrements to negligible values within 2-4 mm. The increase in variation demonstrated by an increase in standard deviation above the resting level of the spontaneous electrical activity during the positive and negative components of the potential is significant. It suggests a statistical process occurring either in the afferents to the cortex or in elements of the cortex itself. Discussion of this phase is deferred to the problem of the statistical analysis of the spontaneous electrical activity (14 
